INTRODUCTION 4 3
One of the issues regarding the cultivation of novel crops (genetically modified or ha -1 as urea at the V6 stage (six fully expanded leaves). Each plot was fully irrigated. For laboratory experiments, seeds from each line were sown in plastic pots (10 cm high, 1 1 1 5 cm diameter) in vermiculite, and germinated in the greenhouse. Forty maize plants 1 1 2 (seven to ten days old) were placed in plastic containers and provided 2.5 l of 1 1 3 hydroponic solution for 10-12 days. Two hydroponic solutions were tested: a control 8 mM of NH 4 NO 3 was added. The hydroponic solutions were adjusted to pH 5.9, and 1 1 8
were buffered with MES tampon. The solution was replaced every 3-4 days. nitrogen treatments on the behavior of the leafhopper were investigated in a six-arm- olfactometer (for details see Turlings, Davison, & Tamò, 2004) . A plant from each 1 7 2 genotype-nitrogen treatment was placed in glass vessels one hour before the assay olfactometer was randomly assigned each experimental day to avoid position-bias. At least half an hour before the experiment started groups of six Z. scutellaris females 1 7 9
were isolated in pipette tips by means of a manual aspirator, and covered in parafilm. Twelve leafhoppers were freed at the base of the olfactometer and left for 45 minutes. Only when an insect entered an arm and passed the screw cap fitting or was recovered 1 8 2 in the bulb we considered it had made a choice. Three times twelve females were tested days. This resulted in 7 independent replicates for each olfactometer setup. Olfactometer choice counts were analyzed with a GLM following a Poisson 1 8 7 distribution, with nitrogen regime and genotype and their interactions as factors. Pair-1 8 8 wise comparisons were performed with using Tukey's HSD. VOCs were collected simultaneously from herbivore-damaged plants and from control 1 9 1 non-damaged plants for all the treatments consisting of the factorial combination of 1 9 2 genotype and nitrogen treatments. Two tubular glass outlets (23x17x12 mm) with a 1 9 3 screw cap were attached to the bottom and top of the bag respectively (as described by 1 9 4 Turlings et al. 1998) . Clean air was supplied to the system through the top outlet via 1 9 5
Tygon tubing connected to a flowmeter (Analytical Research Systems) and through the 1 0
The advantage of using this technique rather than scaling to unit variance is that the 2 6 4 former reduces the relative importance of large values but keeps data structure partially 2 6 5 intact (van den Berg et al., 2006) . First a permutational MANOVA was used to evaluate 2 6 6 whether the metabolite fingerprint consistently varied among genotypes, nitrogen 2 6 7 availability regimes and herbivore treatments and the influences of the interactions of conducted as an unsupervised method to visualize variability and clustering in the data 2 7 0 set.
7 1
Partial least squares-discriminant analyses (PLS-DA) were performed to identify given that interactions between factors were non-significant in the perMANOVA. PLS-2 7 5
DA is a supervised multivariate analysis technique, which maximizes the covariance 2 7 6 between the X-(spectral intensities) and the Y-matrix (group information). We assessed 2 7 7 model reliability using CV-ANOVA. New components were only added to the model 2 7 8 when significant according to the cross-validation. R 2 X and R 2 Y represent the fraction 2 7 9 of the variance of X and Y matrix, respectively, while Q 2 Y suggests the predictive 2 8 0 accuracy of the model. Variable influence on projection (VIP) was used to select the 2 8 1 most influential metabolites to group separation in the validated PLS-DA models. The the model -the average VIP is equal to 1-and thus terms with large VIP are the most 2 8 6 important for explaining Y. We considered that metabolites with a VIP> 2 were 2 8 7 extremely influential for treatment separation. The ions with VIP>2 for each 2 8 8 experimental factor (genotype, nitrogen and herbivory) were screened for putative 2 8 9 identification using the pathway tool from MarVis (Kaever et al., 2014) . The MS/MS 2 9 0 fragmentation of the metabolites was compared with candidate compounds identified in 2 9 1 databases or earlier publications, especially when the metabolites were already reported 2 9 2 in maize. Metabolite multivariate analysis (PCA, PLS-DA) was performed with 2 9 3 SIMCA-P software (v. 11.0, Umetrics, Umeå, Sweden). Effects of genotype and nitrogen on arthropod communities in the field 2 9 7
The most prominent source of variation in insect abundances in the field was plant 2 9 8 developmental stage, which reflects seasonal insect dynamics in the plot (Table 1) .
Thus, abundance of maize herbivores was mainly influenced by the developmental stage 3 0 0 of the plant (perMANOVA R 2 = 0.62, p=<0.001) and to a minor extend by nitrogen the natural enemies recorded in the study (R 2 = 0.28, p=<0.001) whilst genotype and 3 0 5 nitrogen were not significant for determining community composition. Leafhoppers and thrips were the most abundant herbivore taxa in the field, and (leafhoppers, planthoppers and aphids) were more abundant in the higher nitrogen 3 1 0 treatments independently of population dynamics ( Effects of plant variety, nitrogen levels and herbivory on volatile compounds
Seven volatile compounds were quantified in our study (Table 2 ) and all seven had been 3 3 1 previously reported in maize (Degen et al., 2004) . We expected a small number and 3 3 2 amount of volatile compounds in control and herbivore induced plants given that (i) the To further investigate the effect of genotype, nitrogen and herbivore attack on plant Interestingly, feeding by the herbivore Z. scutellaris significantly repressed JA-Ile and their respective undamaged controls (Fig 3) . This trend was also significant but not as We addressed the hypothesis that a nutritionally enhanced maize (Carolight R ), similar in 3 9 4
terms of biomass and yield to its wild type line M37W (Zanga et al., 2016) , will also be 3 9 5 equivalent in terms of plant-insect interactions. Evaluating Carolight R and wild type 3 9 6
genotypes under contrasting nitrogen levels allowed for (i) a broader characterization of 3 9 7
the resulting chemotypes and their impact on insect behavior/performance; and (ii) a al., 2005) and sap amino acid content (Faria et al., 2007) .
Insect herbivores are limited by low nitrogen concentrations in food plants, and 4 2 8 therefore herbivore performance is generally thought to be positively related to 4 2 9
increases in nitrogen content in plants (Awmack and Leather, 2002; Behmer, 2009 indeed offer other advantages to the species, such as reproductive success, that are not described for grasshoppers (Joern and Behmer, 1998 to trigger plant inducible defense responses (Alborn et al. 1997 , Musser et al. 2002 . In in determining community composition (Thaler et al., 2001; Thaler, 2002 JA-inducible genes (Kant et al., 2004; Kawazu et al., 2012) . Given that typhlocybine and spider mites (reviewed by Kant et al. 2015 and Zhang et al. 2017 their performance (Sarmento et al., 2011; Alba et al., 2015) . In the case of insects the delivered by the leafhopper and the mechanism of defense suppression. innately attracted towards the volatile blend (Ardanuy et al., 2016) . We hypothesize that protein distribution, and metabolite content more strongly than the introduced traits. Our (e.g. field location, sampling time during the season or at different seasons, mineral 5 1 0 nutrition) consistently exert a greater influence on crop lines than the genetic 5 1 1 modification itself (reviewed by Ricroch et al. 2011) .
1 2
In general, nitrogen fertilization increases plant growth and reproduction, decreases and increases nitrogenous compounds (Koricheva et al., 1998; Lou and Baldwin, 2004 ; 5 1 5 Scheible et al., 2004; Hermans et al., 2006; Kusano et al., 2011) . Nitrogen levels 5 1 6
influenced Carolight R and M37W phenotypes at the metabolite level substantially, hydroxamic acids (benzoxazinoids) ( Table 4 , Supplementary material Fig. S.6 ).
2 1
Targeted analysis of defense metabolites showed that chlorogenic acid greatly varied 5 2 2 with nitrogen treatments -at higher concentrations in plant tissues when nitrogen was 5 2 3
limiting -but also with the plant genotype -M37W had higher levels of both 2004) and tomato (Stout et al., 1998) . Carolight R accumulated up to 2-fold lower unidentified flavonoids were more abundant in control nitrogen maize plants ( Supplementary material Fig. S.6 ).
3 3
Metabolite fingerprinting showed that nitrogen surplus increased the accumulation of 5 3 4 tryptophan in plants, which we identified as a marker of high nitrogen treatment.
3 5
Tryptophan serves as precursor of a broad variety of nitrogen-containing aromatic 5 3 6
secondary metabolites, such as hydroxamic acids (Fig. S.6) , which play crucial roles in 5 3 7 plant defense against herbivore feeding (Niemeyer, 2009; Balmer et al., 2013) . Higher tolerance towards herbivores, as increased levels of these secondary compounds have 5 4 0 been associated to reduced herbivory (Mithöfer and Boland, 2012; Balmer et al., 2013) . The VOC blend was also modified by nitrogen availability: a higher concentration of leafhopper preference in the olfactometer. We show the separate and interactive effects of nitrogen availability and genotype on 5 7 1 the arthropod community and on the performance and behavior of a herbivore, and 5 7 2 correlated these changes to constitutive and inducible maize defenses. We conclude 5 7 3 that: (i) nitrogen availability greatly shapes maize metabolism, and the resulting plant and (iii) that the minor differences detected among Carolight R and its wild-type plant-arthropod interactions. We would like to thank Michael Gaillard and Daniel Maag for help in sample VitaMaize 01 project) and Fundació la Caixa (Grant P13005). 
0
Amounts of each compound were compared among treatments using a non-parametric Kruskal-Wallis test followed by Dunn's test (*p<0.05, **p<0.01, ***p<0.001).
1
Compounds denoted with "N" were only tentatively identified by comparison of their MS to that reported in libraries. 
